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RADIAL SLAVING METHOD FOR A DEVICE 
FOR REPRODUCING INFORMATION FROM AN 
OPTICAL DISC AND REPRODUCTION DEVICE 
IMPLEMENTING THIS METHOD 

5 

The present invention relates to a radial 
slaving method for a device for reproducing information 
from an optical disc and to a device for reproducing 
information from an optical disc which implements this 
10 method. 

As is known, an optical disc makes it possible 
to record information in an encoded form with the aid 
of alterations at the surface of or inside the disc, 
such as pits or marks with modified physical properties 

15 (for example, crystalline or magnetic state) , which are 
arranged in one or more planes of the disc along 
predetermined tracks (spiralling or concentric) . The 
stored information can be reproduced by optically 
exploring these alterations with the aid of a laser 

20 light beam focused at a spot on the disc. Reading of 
these optical discs requires very precise tracking of 
the position of the reading spot on the track or tracks 
carrying the information. This function is fulfilled by 
circuits for slaving the radial and vertical position 

25 of the spot. A major imperative for correctly reading 
the recorded information, the densities of which may be 
very high, is that the optical quality of the reading 
beam, and particularly its centring on the track being 
read, should be kept constant irrespective of the 

30 positions of the disc and the reading system. 

Numerous methods for detecting the radial 
position error have been proposed. Some of them use the 
reading spot and photodetectors which are also used for 
reading the recorded information. In particular, for 

35 radial tracking in the case of DVD discs which require 
high precision, a method referred to as DPD 
(Differential Phase Detection) has been proposed in 
which a multi-photodiode detector of the conventional 
four-quadrant type is used to form two signals by /^^ 

40 adding the individual signals of photodiodes along the 
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two diagonals of the signal, and a radial error signal 
is derived by observing the phase shift of the two 
signals which are obtained. 

In spite of its merits, however, such a method 
5 cannot always be used efficiently. This is because, 
when marks that induce small phase shifts on the 
incident beam are being analysed, the signals obtained 
by additive combination are too weak and unusable. This 
is the case, in particular, for certain multi-layer 
10 phase discs with a small phase shifts induced by the 
marks . 

It is an object of the invention to overcome 
these drawbacks. It is based on the use of signals 
which are obtained by subtraction along the diagonals 
15 of the detector, or more generally signals resulting 
from two reading subsystems, the sensitivity functions 
of which make two symmetrical angles with the axis of 
the track being explored, which makes it possible to 
obtain strong and stable signals with a high signal-to- 
20 noise ratio in all cases. 

The invention therefore provides a radial 
slaving method for a device for reproducing information 
from an optical disc, in which the information stored 
on the disc in the form of alterations arranged along 
25 predetermined tracks of the disc is explored by a laser 
beam, which converges at a spot on the optical disc and 
results in a beam emerging from the said disc by 
reflection or transmission, the said device being 
equipped with a multi-photodiode far-field detection 
30 system for detecting the said emergent light beam, the 
said method being characterized in that it consists in: 
• combining the read signals of the said 
photodiodes of the said detection system so 
as to form two reading subsystems, the 
35 sensitivity functions of which in the plane 

of the disc make two symmetrical angles with 
the direction of the track being explored; 
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• phase-comparing the signals obtained by each 
of the two subsystems in order to obtain a 
radial error signal substantially 

proportional to the radial tracking error. 
5 An optimal radial error signal which permits 

extremely precise tracking of the track is thus 
obtained. 

According to another aspect of the invention, 
in the case in which the detection system consists of a 

10 four-quadrant detector having two pairs of photodiodes, 
the photodiodes of each pair being arranged on either 
side of a first axis parallel to the image of the axis 
of the track being explored, and the said pairs being 
arranged on either side of a second axis perpendicular 

15 to the said first axis, the said first and second axes 
being axes of symmetry for the said detection system, 
such a method is characterized in that the said step of 
combining the read signals of the said photodiodes 
consists in taking the difference between the read 

20 signals of two photodiodes belonging to different pairs 
in order to form a read signal along a first diagonal 
of the detection system and a read signal along a 
second diagonal of the detection system. 

According to the invention, the method as 

25 defined above may furthermore be characterized in that 
the said step of phase-comparing the read signals along 
the said first and second diagonals consists in 
performing a cross-correlation between each read signal 
of one diagonal and the signal of the other diagonal, 

30 to which a predetermined delay is assigned. 

Owing to the measurement by cross-correlation, 
a radial error signal can be obtained in a precise and 
efficient way despite the deformation of the 
combination signals when there is a radial discrepancy. 

35 According to another aspect of the invention, 

it also provides a device for reproducing information 
from an optical disc, in which the information stored 
on the disc in the form of alterations is arranged 
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along predetermined tracks of the disc, the said 
reproduction device comprising a light source for 
providing an incident light beam, first optical means 
for converting the said beam at a spot on the optical 
5 disc, second optical means for splitting the beam 
emerging from the said disc and resulting from 
reflection or transmission of the incident beam by the 
disc, and a multi-photodiode detection system arranged 
in the far-field on the path of the said emergent beam 
10 in order to detect the said light beam, the said 
reproduction device being characterized in that it 
furthermore comprises : 

• first combination means, which receive the 
individual read signals of the said 
15 photodiodes in order to construct two read 

signals corresponding to two subsystems, the 
sensitivity functions of which in the plane 
of the disc make two symmetrical angles with 
the direction of the track being explored; 
20 • second phase comparison means for comparing 

the phases of the said two read signals of 
the subsystems and providing a radial error 
signal . 

According to yet another aspect of the 
25 invention, in the case in which the detection system 
consists of a four-quadrant detector having two pairs 
of photodiodes, the photodiodes of each pair being 
arranged on either side of a first axis parallel to the 
image of the axis of the track being explored, and the 
30 said pairs being arranged on either side of a second 
axis perpendicular to the said first axis, the said 
first and second axes being axes of symmetry for the 
said detection system, such a reproduction device is 
characterized in that the said first combination means 
35 comprise two differential circuits, which respectively 
receive the signals of two photodiodes belonging to the 
two respective diagonals of the said detection system 
and each provide the difference between the received 
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signals as a read signal along a first and a second 
diagonal . 

According to the invention, the above device 
may furthermore be characterized in that the said 
5 second phase comparison means consist of a circuit for 
cross-correlation of each diagonal read signal with the 
signal of the other diagonal, to which a predetermined 
delay is assigned. 

The invention will be understood more clearly, 
10 and other characteristics and advantages will become 
apparent, with the aid of the following description and 
the appended drawings, in which: 

- Figure 1 is an outline diagram of an optical 
head of a reproduction device for an optical 

15 disc; 

- Figures 2A and 2B illustrate the sensitivity 
functions for two reading subsystems formed 
according to the invention; 

- Figures 3A and 3B are diagrams representing 
20 the read signals obtained with the two 

subsystems according to the invention; 

- Figure 4 is an outline block diagram of a 
radial error detector according to the 
invention; 

25 - Figure 5 is the diagram of one embodiment of 

an element of the detector in Figure 4; 

- Figure 6 shows the diagram of the radial 
error signal obtained according to the 
invention; 

30 - Figure 7 is the diagram of a radial error 

detection circuit with electronic pre- 
correction according to the invention; and 

- Figure 8 is a possible embodiment of an 
element of the detector in Figure 7. 

35 Figure 1 represents the outline diagram of a 

conventional optical head with a multi-photodiode 
detector. This optical head for a device for 
reproducing the information carried by an optical disc 
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comprises a laser source l3, which sends a light beam 
towards an objective 16 by means of optics 14 
schematized by a lens and a splitter* 15. This objective 
16 focuses the incident beam at the spot on the optical 
5 disc 10, on which information is stored in the form of 
alterations arranged along predetermined tracks 11. The 
disc is driven in rotation about an axis 12, so that 
the spot explores the track moving past it. The 
incident light beam is either transmitted through the 

10 disc or reflected, as in this case, in order to give 
rise to a beam which emerges from the disc, travels 
back though the objective 16 and is separated from the 
incident beam by the splitter 15, in order to be 
received by a multi-photodiode detector 18 by means of 

15 optics 17, the detector 18 being placed in the far- 
field. 

The principle of the invention consists in 
partitioning the detector so as to create to reading 
subsystems^ the sensitivity functions of which in the 

20 plane of the disc make two symmetrical angles with the 
direction of the track. The signals formed using these 
two subsystems are then compared: if the system is 
perfectly centred, the signals are identical on both 
channels; if there is a positional discrepancy, 

25 however, then an asymmetry which, to first order, is 
proportional to the discrepancy to be measured, appears 
between the two channels. 

To give a concrete example, and to illustrate 
the principle of the invention more clearly, it will be 

30 assumed that the multi-photodiode detector 18 (Fig. 1) 
is a four-quadrant detector comprising four photodiodes 
1, 2, 3, 4 arranged in pairs. The photodiodes of each 
pair 1, 2 or 3, 4 are arranged on either side of a 
first axis Ox parallel to the image of the axis of the 

35 track being explored- The two pairs are furthermore 
arranged on either side of a second axis Oy 
perpendicular to the axis Ox, so that the axes Ox and 
Oy are axes of symmetry of the detector. 
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According to the invention, the individual 
signals of the photodiodes are combined in order to 
form two groups of diagonal signals by subtraction: 

diagl = dl - d3 
5 diag2 = d2 - d4 

where dl to d4 are the individual signals of 
photodiodes 1 to 4 and diagl and diag2 are the read 
signals respectively obtained along a first and a 
second diagonal. 

10 The corresponding sensitivity, or reading, 

functions are illustrated in Figures 2A for the first 
diagonal and Figure 2B for the second diagonal. Zones 
Zl and Z3 in Figure 2A represent maximum-sensitivity 
zones corresponding to photodiodes 1 and 3. Similar 

15 considerations apply to zones Z2 and Z4 in Figure 2B 
for photodiodes 2 and 4 . 

The read signals diagl and diag2 are 
respectively illustrated in Figures 3A and 3B for an 
isolated mark moving in front of the incident beam, the 

20 curves indicate the amplitude of the signal as a 
function of the position of the mark. Curves A 
correspond to the case of a radially centred mark, and 
they are perfectly identical and in-phase. If the spot 
is no longer centred on the track, however, then the 

25 read signals of the two subsystems will be deformed and 
phase-shifted. In the case of the radial discrepancy 
which is illustrated, a deformed signal diagl (curve 
A13) with a phase lead is obtained, whereas the signal 
diag2 (curve A24) has a phase lag. 

30 Hence the opportunity according to the 

invention to construct an error signal, by detecting 
the phase shift of the read signals with respect to one 
another. 

Figure 4 shows the diagram of a radial error 
35 detector based on this principle. Two differential 
amplifiers 21, 22 receive the individual signals of 
photodiodes dl to d4 , and signals respectively provide 
the read signals diagl and diag2 by subtraction, which 
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are sent to a phase comparison circuit 100 for 
constructing the radial error signal Sr. 

This phase comparison circuit may be of any 
known type. The phase-shift measurement is complicated, 
5 however, by the fact that the signals are deformed and 
that it might therefore be necessary to correct the 
signals, by filtering, amplitude equalization, etc, 
before measuring the phase shift. 

A much more efficient and precise method 

10 involving cross-correlation is represented in Figure 5, 
which shows an embodiment of the circuit 100. It has 
two processing channels, for respectively processing 
the read signals diagl and diag2. Each channel includes 
a band-pass filter 101,102, and an amplifier 103, 104, 

15 the output of which is applied to a first input of a 
multiplier 105, 106 and to a delay circuit 107, 108. 
The output of the delay circuit of one channel is 
applied to the other input of the multiplier of the 
other channel. The outputs of the multipliers 105, 106 

20 of the two channels are applied to a differential 
amplifier 109 which takes their difference; after low- 
pass filtering 110, this constitutes the radial error 
signal Sr whose sign and amplitude represent the radial 
positioning error Ar. 

25 The choice of the predetermined the delay 

applied by the circuits 107 and 108 depends on the 
maximum frequency of the read signals (i.e. on the 
recording density and the rate of advance of the 
information) , as well as on the modulation depth of the 

30 optical disc, that is to say the optical phase shift 
produced on the reading beam by the marks. 

This delay is typically less than the clock 
period of the information being read (which is 
sometimes referred to as the "channel" bit) . In fact, 

35 this delay should be less than the maximum delay (phase 
shift) which one diagonal read signal exhibits with 
respect to the other when changing from a track to the 
adjacent track. The radial error signal Sr, the 
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variations of which as a function of the radial 
positioning error Ar are represented in Figure 6, is 
obtained with the detector described above. 

It is also an object of the invention to 
5 resolve a complementary problem which appears when the 
radial slaving loop described above (as is widely 
known, the radial error signal Sr is used to control a 
radial actuator making it possible to reposition the 
reading spot) is being regulated. This is because the 

10 response time of the aforementioned loop is relatively 
slow, which may cause trouble during track changes, 
jolts, etc., because the read signal experiences the 
phase-shift effects during the phase when the centring 
is being re-established. 

15 In order to resolve this, means are provided 

for rapid electronic pre-correction of the read signal 
by using the high-frequency part of the radial 
discrepancy which is measured. These means will be 
described with reference to Figure 7. This figure again 

20 shows the detector with four photodiodes 1^ 2, 3, 4, 
the two differential amplifiers 21, 22 forming the 
diagonal read signals diagl, diag2, and the phase 
comparison circuit 100. The rapid pre-correction 
consists in dynamically adjusting the delay of the 

25 diagonal read signals as a function of the radial error 
which is measured. To that end, each of the channels 
for the diagonal signals contains a variable delay 
circuit CRvl, CRv2, which has a delay control input, 
and an adjustment circuit 32 connected to the control 

30 inputs of the circuits CRvl, CRv2 . By means of a high- 
pass filter 31, the circuit 32 receives the high- 
frequency components of the radial error signal Sr 
delivered by the comparator 100, the aim of this being 
to avoid competition between the pre-correction circuit 

35 and the main slaving loop, which processes the low- 
frequency part and the DC component of the spectrum of 
the radial slaving signal Sr. 




- 10 - 



The readout signal Shf of the device according 
to the invention is obtained by using an adder 30 to 
take the sum of the read signals of the diagonals. It 
should be noted that a strong and stable resultant read 
5 signal, with a high signal-to-noise ratio, is obtained 
in this way. The adjustment circuit 32 makes it 
possible to control the delays of the circuits CRvl, 
CRv2 in reverse, as a function of the sense and the 
amplitude of a high-frequency components of the radial 

10 error signal Sr, which makes it possible to minimize 
the phase-shift effects of the readout signal. 

Only the high-frequency part of the signal Sr 
is sampled, so as to avoid reducing the gain of the 
main slaving radial loop which only processes the low- 

15 frequency signals. 

The variable delay circuits CRvl, CRv2 may, for 
example, be produced according to the diagram in Figure 
8. The blocks 40 correspond to the application of a 
delay increment. The blocks 41, 42, 43 represent 

20 multipliers, respectively with the coefficients Co, Ci, 
C2r and the block 44 represents an adder. Such a circuit 
constitutes a digital filter which forms the 
convolution of the sequence of input samples Xk by the 
sequence of coefficients Cj : 

25 Yjc = 2j Cj * X(k-j) 

By selecting the coefficients Cj suitably, a 
signal Yk identical to the delayed signal Xk is 
obtained. These coefficients may, for example, be the 
Lagrange interpolation coefficients. The delay imposed 

30 on the signal can be changed by changing the value of 
the coefficients. This filter may be micro-programmed 
or produced using hard-wired operators. 

The described examples do not, of course, imply 
any limitation of the invention. The invention is 

35 particularly suitable for reading discs with a low 
modulation factor, such as multi-layer phase discs, or 
magneto-optical discs. The electronic pre-correction 
furthermore improves the readout signal, especially in 




-li- 



the transient phases (track changes, jolts, etc.). It 
improves the slaving performance by reducing the 
response times, while increasing stability and 
correcting for the effects of spurious resonances. 



